Aims: Cranioplasty and ventriculoperitoneal shunt (VPS) are common procedures for patients who undergo decompressive craniectomy. The ideal time for these two procedures remains controversial. Settings and Design: This is a retrospective, single institute, chart review comparing the complications associated with simultaneous and staged cranioplasty and VPS. Materials and Methods: From January 2012 to December 2017, 56 patients who underwent both cranioplasty and VPS surgery at our hospital were separated into simultaneous or staged operation groups. We compared the demographic data and complications, including infections, subdural or epidural hemorrhage, and revision surgery between the groups. Statistical Analysis Used: Independent Student's t-test was used for analysis of continuous variables, and Fisher's exact test was used for categorical data. MedCalc (version: 18.11) was used to perform all analysis. Results: Nineteen patients underwent simultaneous cranioplasty and VPS, whereas 37 underwent staged operation. Etiologies for craniectomy included traumatic brain injury, infarction, spontaneous subarachnoid hemorrhage, and spontaneous intracerebral hemorrhage. There were no significant differences in the baseline characteristics between the groups. The overall complication rate was 14.3%. Three (15.8%) patients experienced complications in the simultaneous group: One (5.3%) with skin infection and two (10.5%) with overdrainage. Five (13.5%) patients experienced complications in the staged group: three (10.8%) with skin infections, one with central nervous system (CNS) infections, and one with both skin and CNS infections. Overall complications, wound infections, CNS infections, overdrainage, and revision surgery showed no significant differences between the groups. Conclusions: Simultaneous cranioplasty and VPS showed complication rates similar to those of staged operation.
INTRODUCTION
Decompressive craniectomy (DC) is effective in reducing intracranial pressure (ICP) for patients suffering from refractory increased ICP under medical management caused by cerebral infarction, traumatic brain injury (TBI), intracerebral hemorrhage (ICH), and aneurysmal ICH. [1] [2] [3] [4] A large cranial defect after DC can alter the cerebrospinal fluid (CSF) circulation dynamic and become a risk factor for hydrocephalus. [5, 6] Hydrocephalus is a common complication after TBI, ICH, and aneurysmal ICH. A review of complications after DC in TBI patients revealed a rate of 2%-29% for hydrocephalus. [7] Consequently, patients who undergo DC may require cranioplasty and ventriculoperitoneal shunt (VPS) after the subacute stage.
The best methods for managing patients with both hydrocephalus and cranial defects remain controversial. Simultaneously performing VPS and cranioplasty can reduce medical costs and hospital stay; [8] however, safety is a major concern. The infection rates for simultaneous operation are reported to be as high as 41%. [9] In addition, both cranioplasty and VPS can affect CSF hydrodynamics. [10] Simultaneous surgery can result in unpredictable changes in CSF circulation and higher complication rates.
To address this issue, we conducted a retrospective study to compare the complication rates between simultaneous and staged operation at our institute.
MATERIALS AND METHODS
We conducted a retrospective study by reviewing medical records at the Taipei MacKay Memorial Hospital. From January 2012 to December 2017, 71 consecutive patients underwent both cranioplasty and VPS operations at our hospital. The demographic and clinical characteristics, including age, gender, underlying pathologies, time from craniectomy to cranioplasty and VPS, severity of hydrocephalus based on the bifrontal index, and the degree of skin flap bulging over the cranial defect, were recorded. The skin flap was defined as flaccid when the brain was below the assumed skull line over the cranial defect. The skin flap was defined as bulging when the brain was partially or completely above the assumed skull line. Patients younger than 18-year-old were excluded. Patients with malignant brain tumor as the reason for craniectomy were excluded. Patients followed up for <3 months were also excluded from the study. A total of 56 patients were included in the study.
Patients who underwent cranioplasty and VPS at the same time were placed in the simultaneous operation group and those that underwent the procedures on different days were placed in the staged operation group.
We collected data regarding complications as the outcomes for both procedures. The overall complications, superficial wound infections, central nervous system (CNS) infections, over-drainage, and revision surgery were all compared between the two groups.
Statistical analysis
The MacKay Memorial Hospital Institutional Review Board approved the study on April 11 th in 2019 (19MMHIS050e). The demographic and clinic characteristics, as well as the complications and revision surgery as the treatment outcomes were compared between the groups. The independent Student's t-test was used for analysis of continuous variables, and Fisher's exact test was used for categorical data. P < 0.05 was considered statistical significance. MedCalc (version: 18.11, Belgium company, https://www.medcalc.org/index.php) was used to perform all analysis.
RESULTS
Seventy-one patients underwent both cranioplasty and VPS at our hospital during the interval between January 2012 and December 2017. Of these, 15 patients were excluded in accordance with our exclusion criteria, specifically 11 patients who were followed up for <3 months, one patient diagnosed with malignant brain tumor, and two patients with insufficient pre-and post-operative imaging data. One patient who received bilateral DC was excluded because he underwent left side cranioplasty first followed by both right side cranioplasty and VPS at the next admission.
Of the remaining 56 cases, 19 patients underwent simultaneous cranioplasty and VPS (simultaneous group), and 37 patients underwent staged operations for cranioplasty and VPS (staged group). In the simultaneous group, the etiologies for craniectomy were TBI (15 cases), infarction (two cases), and spontaneous ICH (two cases), and the mean age at first admission was 57.5 (standard deviation = 18) years old.
In the staged group, there were 24 cases due to TBI, six cases due to infarction, two cases due to ICH, four cases due to subarachnoid hemorrhage, and one case due to spontaneous subdural hemorrhage, and the mean age at first admission was 52.6 (standard deviation = 15.6) years old.
Twenty-one patients were female, with seven in the simultaneous group and 14 in the staged group. The mean follow-up length was 26.1 months for the simultaneous group and 37.8 months for the staged group. The average interval between DC and the subsequent procedure was 140.1 days in the simultaneous group and 64.5 days in the staged group. Hydrocephalus severity, determined based on the bifrontal index, was 0.395 and 0.424 in the simultaneous and staged groups, respectively. The difference in the bifrontal index was not significant (P = 0.075) between the simultaneous and staged operation group but was very close. In the simultaneous group, 11 patients had tense convex cranial defects, and others had flaccid skin flaps, with and without partial convex cranial defects. In the staged group, 26 patients had tense convex cranial defects. Table 1 shows more details on the baseline patient characteristics. There was no significant difference in the baseline characteristics between the two groups except in the time from DC to the first procedure. The mean time from DC to simultaneous cranioplasty and VPS was 140.1 days and the mean time from DC in the staged group to either DC or VPS was 61.24 days. The difference between the two groups was significant, with P = 0.003. In the staged group, 27 (73%) patients received a VPS first.
The overall complication rate was 14.3%. There were five superficial skin infections and two deep infections (one VPS infection and one subdural empyema). Overdrainage with subdural effusion was noted in two patients and resolved by adjustment of the VPS valve pressure. The overall complication rate was 15.8% in the simultaneous operation group and 13.5% in the staged operation group. No significant difference was observed between the groups. Three (15.8%) patients experienced complications in the simultaneous group: one (5.3%) with skin infection and two (10.5%) with overdrainage. In addition, five (13.5%) patients experienced complications in the staged group: three (10.8%) with skin infections, one with CNS infections, and one with both skin and CNS infections. The two patients with CNS infections required revision surgery. One patient with subdural empyema after cranioplasty underwent debridement and removal of infected autogenous bone graft. The other patients with VPS infection underwent removal of VPS. Both patients received a full course of antibiotics treatment before they moved to subsequent operations. No significant differences in the complications were observed between the two groups.
Although we typically do not perform brain computed tomography (CT) scans at our institute after cranioplasty or VPS, there was no clinically significant ICH or IVH in our patients after surgery. Table 2 lists detailed postoperative complications.
DISCUSSION
DC is an important treatment option for patients with medical intractable increased ICP and is a common procedure for neurosurgeons. Consequently, cranioplasty is necessary after the patient becomes stable. Cranioplasty is indicated not only for cosmetic reasons but also for improved neurologic outcomes due to better cerebral blood flow and cortical perfusion. [11, 12] Hydrocephalus is one of the complications of DC [13, 14] and some etiologies leading to DC are also risk factors for hydrocephalus, such as subarachnoid hemorrhage. [15] VPS placement may be needed in approximately 17% of patients after DC. [16] When hydrocephalus develops in patients after DC, cranioplasty, and VPS may both be needed. However, the optimal time for cranioplasty and VPS is still controversial. Compared to other elective cranial surgeries, cranioplasty has a higher postoperative infection rate. [17, 18] Performing cranioplasty and VPS at the same time are attractive because of the lower admission cost, but the safety is a major concern. We conducted this study to provide some information on the rate of postoperative complications in patients that undergo cranioplasty and VPS simultaneously and those that undergo the procedures at different times.
In our study, neither the patient demographic data nor the overall complication rates were significantly different between the two groups. Only the time from DC to the next procedure was significantly earlier in the staged group compared to the simultaneous group (P = 0.003) at 61.24 days versus 140.1 days, respectively. Most patients in the staged group underwent VPS first (73%) and cranioplasty later. The bifrontal index was also a little higher in the staged group than in the simultaneous group (0.424 vs. 0.395, respectively), although the difference was not significant (P = 0.075). One possible reason is that the neurosurgeons at our institute preferred to perform VPS first for patients with more severe hydrocephalus. The time from DC to the next procedure was significantly longer in the simultaneous group in our study and was similar to the interval in Yang's study. [19] Postoperative infections were not significantly different in the two groups but were a little higher in the staged group. This result is different from those reported in some studies but was similar to the results obtained by Meyer et al. [9, [19] [20] [21] A comparison of the complications encountered in these studies is presented in Table 3 . Heo (2014), Patrick (2015), and Yang (2017) all reported significantly higher surgical site infection rates in the simultaneous group. The overall complications were significantly higher in Heo and Patrick's studies. In contrast to the earlier works, the latest study by Meyer showed no significant difference in infections after cranioplasty and VPS between the simultaneous and staged groups. Patrick and Yang's studies showed no significant differences in bleeding complications in both groups. Meyer's study also showed no difference in VPS obstruction, and our study showed no difference in overdrainage in both groups. At least, five studies analyzed the complications related to the timing of cranioplasty and VPS with similar sample sizes and patient demographic data. However, the results are contradictory, especially regarding infection at the surgical sites. More attention to sterile technique is warranted if the simultaneous operation is decided on.
In our study, complications related to CSF circulation were only noted in the simultaneous group. Two patients presented subdural effusion on brain CT scan due to overdrainage, and this was resolved in both patients after adjusting the valve pressure of the programmable shunt. None of the patients presented with significant clinical neurologic deficits or required revision surgery. This was similar to the results obtained by Heo et al. In their study, no significant difference was found between the two groups with regard to subdural effusion, but a trend was noted, specifically, 25% in the simultaneous group and 10.5% in the staged group. One possible reason is that the change in CSF circulation due to simultaneous CP and VPS is more unpredictable than the change with staged operation. If we decide to perform the simultaneous operation, we should consider setting a higher pressure in the beginning and adjusting the pressure according to clinical and image findings to avoid complications from changes in CSF hydrodynamics.
Limitation
Several limitations are worth noting because of the retrospective nature of this study. The heterogeneity of the etiology to perform DC may bias the complication rates. Selection bias exists in the decision-making process regarding simultaneous or staged operation by different neurosurgeons. In addition, this is only a small cohort at a single institute. However, this study provides some data supporting safety procedures when performing cranioplasty and VPS simultaneously.
CONCLUSIONS
The simultaneous performance of cranioplasty and VPS did not have higher complication rates in comparison to the staged performance of these two procedures in our series, either in terms of infections or complications related to changes in CSF circulation. Further randomized controlled trials are needed to determine the best solution for this issue.
